Background Acupuncture appears to reduce the mechanosensitivity of peripheral nerves in animal models; yet, this possibility has not been demonstrated in humans. Objectives The main objective of this exploratory trial was to evaluate the immediate effects of acupuncture on the mechanosensitivity of the median nerve, measured by the elbow extension range-of-motion (EE-ROM) at pain onset and maximum tolerance during the upper limb neurodynamic test 1 (ULNT1). Additional objectives were to test the effects of two different points in ULNT1 responses and critically appraise pre-/post-intervention changes for conducting future research. Methods Thirty-one asymptomatic individuals, randomly assigned to the PC group (n=14) or the LU group (n=17) by the coin flip procedure, underwent acupuncture (leopard spot needling) at PC5 or LU5'', respectively. Two-way mixed-model analysis of variance (ANOVA) with time (pre-intervention vs post-intervention) as the withinsubject factor and group (PC vs LU) as the betweensubject factor, plus time×group interaction, were used to determine the effects of acupuncture therapy on EE-ROM at pain onset and maximum tolerance during ULNT1. Results At baseline there were no differences between groups (p>0.05). After acupuncture, mean EE-ROM increased 3.1° at pain onset (p=0.029, η
<0.01).
Conclusion Immediately after acupuncture, the mechanosensitivity of the median nerve appears to be reduced as observed by an increase in EE-ROM during the ULNT1. Further studies are needed to confirm these preliminary findings. Trial registration number NCT02150915; Postresults.
InTRoduCTIon
Mechanosensitivity of neural tissues is a normal protective mechanism that allows nerves to respond to potentially harmful mechanical stress levels-that is, repetitive stress or elevated changes in tension, shear and/or compression imposed on them during body movements and postures. Responses include a mixture of sensory experiences (eg, pain, stretching, tingling, burning sensations) and movement control strategies (eg, reflex muscle contraction, increased resistance to movement, restriction in range of motion). 1 2 With injury or pathology of the neural structures (neuropathy) or the surrounding tissues and nervous system sensitisation, the mechanosensitivity of nerves may increase (gain of somatosensory function), resulting in an elevated painful response to mechanical stimulithat is, hypersensitivity, hyperalgesia and in more severe cases allodynia, movement guarding and avoidance behaviour. 2 While this is advantageous in acute conditions to protect the body from further injury, there is growing evidence to show that, in non-acute conditions, increased neural mechanosensitivity may be related with chronicity and exacerbation of pain and disability in several musculoskeletal disorders, for example, non-specific arm pain syndrome, [3] [4] [5] non-specific neck 3 6 and low back 7 8 pain disorders, carpal tunnel syndrome, 4 9 or knee 10 or thumb 11 osteoarthritis. Thus, assessing the mechanosensitivity of neural structures is of considerable value for clinicians and researchers to assist them in the differentiation of mechanisms responsible for pain generation and/or maintenance and in the selection/study of appropriate therapies. 3 6-9 12 Acupuncture has been shown to reduce the mechanosensitivity of peripheral nerves and improve nerve-related Original paper functional impairments after an injury in the peripheral nervous system. [13] [14] [15] However, these effects have only been demonstrated in animal models. In human subjects, acupuncture has been shown to have beneficial effects on nerve function and symptoms, including pain, in studies conducted in people with peripheral neuropathy [16] [17] [18] ; however, it is unclear whether the effects could be associated with changes in neural mechanosensitivity as no specific tests were used to measure it. Some authors have used electrophysiological tests to evaluate the effects of acupuncture on peripheral nerve function [16] [17] [18] [19] [20] [21] ; yet, the usefulness of such measures (eg, nerve conduction studies) to assess for increased neural mechanosensitivity is of questionable value as they evaluate the conductivity or degree of injury in large-diameter nerve fibres, responsible for loss of somatosensory function (eg, hypoesthesia), whereas increased mechanosensitivity is related to increased excitability of the small-diameter afferents, nociceptors of the nervi nervorum, and central nervous system pathways. 4 7 22 23 Neurodynamic tests are part of the clinical examination of patients with suspected neuropathy. These tests aim to assess the mechanosensitivity of the nervous system, 24 by using a series of body movements to apply mechanical forces to a portion of the nervous system in order to evaluate how sensitive or tolerant nerves are to mechanical stimuli. 3 Although the concepts of neural mechanosensitivity and neurodynamics have been widely employed in research and non-pharmacological interventions for pain management, 25 these have not yet been applied in acupuncture research.
The main purpose of this exploratory trial was to test the feasibility of using a new approach (assessment of mechanosensitivity of neural tissues) to evaluate the effects of acupuncture in clinical practice and research. Specifically, we aimed to determine whether the mechanosensitivity of the median nerve of human subjects, assessed by applying mechanical forces to the nerve (upper limb neurodynamic test 1 or ULNT1), is altered immediately after acupuncture. Because acupuncture has not been previously used to modulate the mechanosensitivity of the median nerve, we also aimed to explore whether stimulation at different points located in the territory supplied by the median nerve could result in different responses to the ULNT1, and to evaluate if pre-/post-intervention changes are sufficiently relevant to recommend further studies on the effects of acupuncture on nerve-related pain. 
MeThodS

Study design
This was an exploratory trial conducted in a sample of asymptomatic individuals randomly assigned to either one of the following groups, both receiving true acupuncture therapy: PC group or LU group. The design and flow diagram of recruitment, participation, allocation and reassessment (follow-up) of this study is shown in figure 1 .
Participants
Healthy volunteers from a student community were recruited to participate in the study, following announcement and invitation conducted across the campus. The aims, procedures and eligibility criteria of the study were provided in the announcement. Inclusion criteria included being ≥18 years old and able to move all upper body quadrant joints in a normal range of motion without any pain or movement restriction. Participants were excluded if they presented musculoskeletal abnormalities in the upper body quadrant, any complaints in that region over the past 3 months, health conditions that could disrupt nerve function (eg, diabetes), leg length discrepancy of more than 1.5 cm 27 , cognitive impairment, or no mechanosensitive response to the ULNT1. All participants were informed about their right to withdraw at any time during the study. A physiotherapist with 17 years of clinical experience ensured that the participants met the eligibility criteria. The research was conducted at the same place as the recruitment, from June to August 2014. Written informed consent was obtained from each participant before data collection and their rights were protected. Sample size was based on the maximum number of participants we could test during the study period.
Main outcome measures
Elbow extension range of motion (EE-ROM) at pain onset and maximum tolerance during the ULNT1 was the main outcome measure. The ULNT1 is a provocative test of the mechanosensitivity of the brachial plexus/median nerve, consisting of a sequence of movements of the body segments that progressively moves and applies tension to those neural structures through elongation of the nerve bed. 1 28 29 In high mechanosensitive neural tissues, as in patients with non-specific neck and arm pain or carpal tunnel syndrome, it is expected that a greater sensory and/or motor response (ie, hypersensitivity, hyperalgesia, or more resistance to motion due to muscle spasm) occurs, which stops the EE-ROM at an earlier phase during the test and/or determines its end. 1 6 9 Asymptomatic individuals show similar responses during the application of the ULNT1 as a protective mechanism of the neural structures, although not as early or as sharply as in symptomatic individuals, 4 6 9 providing a preliminary research framework to test this new approach of studying acupuncture effects before progressing to clinical trials in patients with nerve-related pain.
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Instruments
To assess EE-ROM, a smartphone (iPhone 4, iOS 7.2, Apple Inc, Cupertino, CA, USA) with built-in motion sensors (triaxial accelerometer, electromechanical gyroscope and magnetometer) that measure the position and orientation of the device in three-dimensional space was used. Measurements were acquired with a native application of the iPhone 4 operating system, the Compass app, in compass vision mode. Using this hardware/software set, previous research estimated measurement errors (SEM and MDC 95 ) of 6.6-6.8° and 18.4-18.8° in EE-ROM at pain onset, and 4.2-4.8° and 11.7-13.2° at maximum tolerance during the ULNT1. 30 These values are comparable to those of other measuring instruments used to assess EE-ROM during the ULNT1. 4 
Selection of acupuncture points
Point selection was based on a systematic review of randomised controlled trials aiming to evaluate the effects of acupuncture in people suffering from dysfunction of the median nerve 18 and on authors' consensus according to their clinical, teaching and research backgrounds. Researchers have been using acupuncture stimulation at traditional acupuncture points located distally in the ipsilateral upper limb (hand and wrist), according to the principles of Traditional Chinese Medicine (TCM), to test symptom change, including pain, in people with median nerve dysfunction. 18 PC points are most frequently selected. 18 Given the positive trends found in the aforementioned systematic review, 18 the research team assumed that acupuncture at distal PC points could be clinically relevant for first testing the effects of acupuncture on the mechanosensitivity of the median nerve. Nevertheless, in injury-free subjects, pain sensations and protective muscle responses associated with the ULNT1 are located closer to the elbow than near the wrist. 1 31 It was then speculated that the potential effects of acupuncture in pain sensation and performance during the ULNT1 could be enhanced by using points more proximal to the location where most subjects are expected to experience pain and restricted motion. Additionally, with needling of distal PC acupuncture points there is a risk, albeit small, of damaging the median nerve. 32 An alternative is therefore clinically relevant. Taking all this into consideration, the authors first conducted a preliminary study in three subjects to evaluate the effects of stimulation of other points located in the territory that is supplied by the median nerve, hoping to select those that could potentially better modulate the mechanosensitivity of the median nerve. Three classical points (LU8, LU10, TE5) and one so-called 'extraordinary' point (LU5'') were tested (crossover design). LU5'' was proposed by one of the authors (HG) and is located two cun distal to LU5, in the direction of LU6. Based on changes in the location and type of sensory responses and the resistance to elbow extension movement during the ULNT1 after stimulation, LU5'' unveiled the most promising effects (unpublished data). 
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Randomisation and group selection
After completing the ULNT1 at baseline (pre-intervention), subjects were referred to the room where the acupuncture was being conducted. Subject randomisation and assignment to either one of the two intervention groups were performed in this room using the coin flip procedure. Each subject was asked to launch a euro coin in the air, catch it and show the upper face to the specialist in TCM recruited for the application of the acupuncture. This face defined group allocation: common face of euro currency assigned the participant to the PC5 (active comparator) group, whereas the other side allocated the participant to the LU5'' (experimental) group.
Procedures and intervention
Sociodemographic information (age, gender), height and body mass were first collected to characterise the sample.
ULNT1: assessment protocol pre-and post-intervention
An experienced physiotherapist (with 17 years of practice) in musculoskeletal and neurodynamic examination performed the ULNT1 before (pre-) and after (post-) acupuncture. The examiner was aware of the aims and design of this study; however, he was blinded to the allocation of participants to the intervention groups and the actual value of the EE-ROM between measurements, since only the initial and final angular position values displayed by the smartphone were registered during the assessment. The EE-ROM was calculated later as the difference between the initial angular position and final angular position values, at pain onset and maximum tolerance. For the assessment, participants were asked to remain in the supine position close to the border of a massage table, with the lower limbs straight, the body aligned and the upper limbs in neutral position. The head and neck were stabilised in maximum comfortable contralateral side-flexion using a 5 kg sand bag in order to magnify the pain sensation over other potential sensory responses occurring with ULNT1 (eg, stretching). 31 The smartphone was coupled to the participant's forearm using an armband with an extended Velcro strip to tightly adjust the smartphone. Before each test, the examiner assessed the quality of smartphone coupling to ensure consistency of the measurements. All participants underwent a practice trial on the non-dominant side before the first measurement. With this procedure, participants could become familiar with the mechanosensations (ie, pain or paraesthesia, stretching) that may occur during the ULNT1 and could identify the sensory responses they should report during the test-the onset of pain and the maximal tolerance. 'Onset of pain' was described as 'the moment when the least experience of discomfort/pain was recognised' whereas 'maximum tolerance' was defined as 'the greatest level of discomfort/ pain which the subject was prepared to tolerate'. 33 The ULNT1 was then performed on the dominant limb with the following sequence: (1) maximal contralateral cervical side-flexion; (2) arm at 90° of shoulder abduction preventing scapular elevation; (3) 90° of shoulder external rotation and 90° of elbow flexion (this position defined the 0° or starting position of testing range of motion); (4) maximal forearm supination; (5) extension of the wrist and fingers; and (6) elbow extension. From (1) to (5), movements were performed without causing discomfort or compensatory movements in the adjacent segments to minimise potential contamination of sensory responses arising from non-neural tissues (eg, muscle, fascia, or joint).
Acupuncture: treatment protocol
For the application of the acupuncture technique, a specialist in TCM with 5 years of clinical practice and tutoring was recruited. This specialist had information about the aims and design of the study; however, she was blinded to measurement outcomes. For the intervention, participants sat comfortably in a chair with their back supported and their dominant arm exposed for the intervention. Conventional sterile disposable stainless-steel needles (BD Micro-Fine, 0.30 mm (30G) 8 mm) were inserted at PC5 or LU5''. The applied technique was the so-called leopard spot needling therapy, also known as sparrow-pecking technique, consisting of five fast penetrations into the skin over about 3 s to a depth of 0.5 cm, restricted by the shape of the needles. This technique is believed to produce analgesic effects and improve muscle function by increasing the blood flow to the site of the needling. 34 After the intervention, the specialist in TCM applied cloth sterile adhesive tape (3 cm x 3 cm) at both acupuncture points to blind the site of intervention. Subjects were then referred to the room where a new ULNT1 would be conducted (figure 1).
Statistical analysis
Analyses were conducted using SPSS v22.0 (IBM Corp, Armonk, NY, USA). Baseline measurements were compared between groups using the independent t-test (age, mass, height, body mass index and pre-intervention EE-ROM during ULNT1) and Fisher's exact test (gender and hand dominance). Two-way mixed-model analysis of variance (ANOVA) with time (pre-intervention vs post-intervention) as the within-subject factor and group (PC vs LU) as the between-subject factor, plus time×group interaction, were used to determine the effects of acupuncture on EE-ROM at pain onset and maximum tolerance during the ULNT1. The assumptions for the application of the statistical tests were checked by analysing the normality, homoscedasticity and esfericity of the data using Shapiro-Wilk, Levène and Mauchly's tests, respectively . A value of p<0.05 was considered statistically significant. Effect sizes, using eta square partial (η 
ReSulTS
Participants
Thirty-two eligible individuals volunteered to participate in the trial. One of the subjects was excluded after the ULNT1 pre-intervention because no mechanosensitive response to the test was found (figure 1)-that is, absence of pain/discomfort or sensation of stretching or paraesthesia in the anterior part of the forearm and first three/four fingers plus full range of elbow extension motion. 4 A total of 31 participants then comprised the final sample size (PC5 group, n=14; LU5'' group, n=17). There were no statistical differences between groups in any baseline measurements (table 1) , including EE-ROM during the pre-intervention phase (pain onset, p=0.615 and maximum tolerance, p=0.483; mean and SD values are provided in table 2). Both assessment and intervention procedures were well accepted by the participants. No adverse effects of needling occurred except minor bleeding in 11 participants, which required no specific treatment.
onset of pain
Within-subject factor analysis showed significant differences and a moderate effect size comparing preand post-intervention measurements (table 2, factor time). The gain in EE-ROM after acupuncture was, on average, 3.1° (95% CI 0.3° to 5.9°). No differences between groups were found and the effect size was
Maximum tolerable pain
Significant differences were also found in pain tolerance pre-versus post-intervention (table 2) . The increment in EE-ROM was, on average, 5.6° (95% CI 2.2° to 9.0°) after acupuncture, representing a large effect size of the factor time ( 
dISCuSSIon
To the authors' knowledge, this is the first study to evaluate the effects of acupuncture on the mechanosensitivity of peripheral nerves in human subjects. Using a new approach in acupuncture research, based on the concepts of mechanosensitivity of neural tissues and neurodynamics, it was found that immediately after its application, acupuncture may slightly reduce the mechanosensitivity of the median nerve as observed by a small increase in the EE-ROM during the ULNT1, particularly when considering the maximum tolerable pain. Although preliminary, our findings support preclinical research suggesting that acupuncture may be a feasible non-pharmacological therapeutic modality in a wide range of disorders where nerve-related pain and increased sensitivity to mechanical stimuli is an important clinical feature. 13-15 36 This study found an average gain of 3.1° and 5.6° in EE-ROM, respectively, at pain onset and maximum tolerance, respectively, in ULNT1 measurements (within-subject factor analysis) from baseline to post-acupuncture. Despite these interesting results, which encourage further studies on this topic, the relevance of such a change is still difficult to establish. Acupuncture was associated with a moderate to large increase in EE-ROM (table 2, factor time), meaning that the magnitude of the differences preand post-acupuncture was notable. Despite that, 3.1° is lower than the SEM previously estimated for the condition 'onset of pain' (~7°) using a similar instrumental set-up in neurodynamic assessment. 30 This means that the observed change in EE-ROM might be due to measurement error. At 'maximum tolerable pain', the mean change in EE-ROM was higher 
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than the estimated SEM for this condition (~4°). 30 Nevertheless, the SEM was still within the 95% CI of the mean differences (2.2° to 9.0°) pre-and post-acupuncture, precluding us from drawing further conclusions. A statistical change of 7.5° in EE-ROM has been suggested as meaningful in detecting improvements in patients' performance in the ULNT1. 5 33 However, it is not evident whether this threshold value indicates an important change from the patients' or clinicians' perspective. Further research is therefore warranted to determine the minimal clinically important difference/ change of EE-ROM during the ULNT1 in order to interpret with certainty the effects of acupuncture and other therapies in people with increased mechanosensitivity of the median nerve.
The stimulation of a point located more proximally to the elbow (LU5'') did not show greater gains in EE-ROM than the stimulation of a more distal point (PC5). Thus, our initial hypothesis that we would obtain enhanced needling effects at a more proximal point could not be verified. This suggests, nonetheless, that needling at more distal points may not be necessary to modulate the mechanosensitivity of the median nerve, reducing the potential risk of damage. Future research should take these findings into account when designing clinical studies.
Findings from this study should be interpreted in light of its limitations. Given its exploratory nature, no sample size calculation was conducted. Nevertheless, the results presented here may contribute to the determination of sample size for larger scale studies. Generalisability is also limited because only asymptomatic subjects were tested. Studies in populations with nerve-related pain and disability are needed to evaluate the effects of acupuncture in peripheral nerves with evidence of increased mechanosensitivity. Additionally, we only used a neurodynamic test to assess the mechanosensitivity of the median nerve as this was the most suitable procedure to be applied in this exploratory research. In future research, a battery of measurements, including quantitative sensory testing and patient-reported outcome measures, 37 should be considered to capture comprehensively the complexity of gain in the somatosensory function phenomenon, characterise study participants, improve the interpretation of the potential effects of acupuncture in patients with nerve-related pain, and assess its effects in functioning and health-related quality of life.
ConCluSIonS
Immediately after acupuncture, the mechanosensitivity of the median nerve appears to be reduced as observed by an increase in elbow extension during the ULNT1. However, further studies are necessary to confirm these preliminary findings.
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